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ABSTRACT 

A programed course in general histology was 
completely developed by dental schools in the United States and 
Brazil. A group of international experts specified the course 
objectives, wrote and taped scripts for a series of 28 lectures of 50 
minutes each, developed slides to accompany the lectures, prepared 
microphotographs and scripts to explain and illustrate laboratory 
microscope exercises, and devised daily quizzes. Evaluation of the 
program after its use showed that successful scripts could be 
cooperatively developed and easily translated to other languages and 
that the preparation cost was minimal. Daily quizzes contributed to 
increased achievement, and quiz scores correlated positively with 
final exam performances; quiz results alf.50 helped to identify weak 
students early in the term and to highli^Tht areas where remedial 
attention was needed. Students in generaJi; performed well; the lower 
ability students achieved more than they had in conventional 
instructional programs. Thus it appears V.hat programed instruction 
can improve educational efficiency by pi.o^yiding better instruction to 
more students at lower costs and in les.s itime, and it is recommended 
that hemispheric cooperation be developed for the production of 
additional programed instruction and lon'j-range communications. 
(LB) 
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ABSTRACT 



PrograramGd learning offers a solution to the critical shortage 
> of faculties and facilities in providing better education to more 

people at less cost* This paper reports on the cooperative development 
of a programraed course in General Histology, involving several schools 
in Brazil and ia the United States,, The program involves a machine 
present^ation of the lecture and of part of the laboratory exercises* 
Daily quizaes are used to help locate weaknesses in the prograra. 
Objective and subjective acceptance of the program has been excellent* 
Use of the program in a large scale study involving 800 students at the 
Federal University of Pernambuco iu Brasil proved more satisfactory than 
conventional teachings The importance of these findings is briefly 
discussed^ Heraispheric cooperation in further development of programming 
and long range corjaunications is proposed. 
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All arourLcl us, there is a:i increasing demand to educate more 
people to a higher level of complexity at less cost. Within the next 
decade, it is estimated that the university systems will have to double 
their enrollmeats to meet population demandso It is not possible to 
Increase facilities and faculties to meet this anticipated demand in the 
short time that still remains, unless a radical departure is made from 
the conventional preceptor type of teaching which features the teacher, 
the lecture roora, the blackboard and a piece of chalky 

The use of procrammed learning permits a course to be prepared 
prior to its scheduled time for presentationa The material in the program 
can be analysed for adequacy of content and details of presentation. On 
the basis of the feedback from interrogation sequenceSg weak points in a 
program can be appropriately modified for subsequent presentations* Once \ 
a program is prepared;, it can be continually upgraded. Instead of a 
blackboard, with hasty sketches as is characteristic of present lecture 
presentations, carefully prepared slides can be used to save time and to 
explain better, Finally, a progran-; can be carefully prepared by one 
individual, or group of individuals, and then used by several cooperating 
institutions • ^ 

O ■ 
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In 1966, the University of Puerto Rico received a grant from the 
United States Public Health Service for an educational research program 
which V70uld involve the developtneat and testing of a series of programmed 
learning sequences in General Histology*, The first step taken was to 
secure a group of internationally known consultants from the disciplines 
requiring a prerequisite knowledge of histology. The consultants group 
included an educational psycholojiist, a general histologist, a seneral 
and an oral pathologist and an electron microscopist o A member of the 
National Board of Dental Examiners also acted as a special consultant to 
aid in Improviu/;; the interrogation exercises. The mission of the 
consultants (jroup was to insure that all program objectives were in 
consonance with ::he latest scientific and educational advancements. 

The program devexopment vjac divided into three phases. The first 

included the usual material taughi: lii lecture presentations; the second 

\ 

included the raaterial presented in the histology laboratory; while the 
third phase included a daily quiz that provided the feedback on strong 
and weak points of the various programs. 

It X7as not possible vjith limited manpower to develop all three 
phases simultaneouslyo. Instead, the first year x\'as dt^voted to developing 
the outlines for the programs, as well as constructing the questions that 
were to be used in the daily quisses. These daily quizzes consisted of 
five questions. Each question had four subunits which could either be a 
true or false type, or a one word write-in question. The first tX7o of 
these five questions always related to the most recent lecture, whereas 
the last three included material as far back, as the first lecture. 

ERIC 
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Thus, student learning was continual iy reinforced by interrogation 
procedures during the course. For the 23 lectures in General Histology, 
each student was exposed to SCO specific points considered important. 
To encourage better study habits, the marks received in these quizzes 
were raade a part of the students record^ Also, to insure repeated 
review, the students were informed that any of the daily quiz questions 
raight appear in the quarterly exaiainatioas. 

During the second year, one . completely prograrnraed lecture on 
muscle was presented. This involved a fifty minute audio visual 
presentation, with approximately 120 synchronised slides, At the end of 
each module of information presented during the program, there was a 
multiple choice question presented on a projected slide. In this way, 
all students were required to respond to approximately twenty questions 
during the pro[:rai:i. Since this pro:3raia represented the first contact 
the student had with the material I;eing presented, the student responses 
to these questions were not made a matter of record; instead, they were 
only intended to indicate to the the student his strengths and weak^^essec, 
Hov7ever, the students VJere advisee that some of the same questions vjould 
appear in later examinations for V7hich the^? would be responsible. 

. Since the initial testing of the program on muscle, scripts for 
fifteen lectures have been completed, and of these, five have the 
synchronized visuals. It is estimated that by June 1972, the scripts 
for the 20 lectured will be completed, 

ERIC 



Th3 lalorauori' programniin;:; has consisted of developirig" a series 
of microphoto/j.'raph and accorapauyin^ scripts which ejcplain aud illustrate 
the objectives v^ci>:ablishGd for ths nicroscopic exercises. 

With this jrief explauatioi: of the prograra forraat, some of the 
findings froa research data and oLocirvation cap. be reported: 

First, it has nov7 been deLioristrated that a group of educators, 
Voluntarily T70v::iurj together on a cooperative basis can develop scripts 
to be used in lac::ures pres-'iited by audio visual means • Language has 
not been a pro;.le..i» For instance, several of the scripts were accomplished 

histolo'^'ists i::i different I5ras?llia:i schools, and after translation to 
English, have ..-eeii used with equal success by participating institutions 
in the Norther):i Carnisphere. Vic2 versa, several programs were prepared 
l>y English speaking;; histolo^ists, aad translated into Portuguese f or ■ 
use in Brazil. 

The cost of presenting a prepared histology pror>rar:i is ininimal, 
One of the orir;i-'ial objectives of the program was to insure that the 
program deliver 7 G-/stem would not require any more equipment than a tape 
recorder, a slide projector, a pencil and a piece of paper. At the same 
time, the pro^^ra:.; was developed with sufficient flexibility to permit 
later modifications which Xi7ould iaal:e it adaptable to more sophisticated 
delivery system?, such as closed circuit TV or computer assisted instruction, 
All initial test?/nr; has been accor.]plished with the most economical type of 
equipment, since it is not desired to increase the sophistication of the 
delivery methods uL7.til the entire prctot^^'pe program has been completed 
^nd validated • 
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The studc:^::^ have liUed the prograxnraed approach to histology 
teachinjv;. Siacc the scripts are prepared to raeet course objectives, 
the students very definitely knot-? the important points for v;hich they 
are responsible. Also, the pro^^raia provides a dual sensory iapat, with 
the studeiit .'Giir; a»:>le to simultai^eously hear and visualise the subject 
matter. The stuuent is given copies of the script for later study. It 
should be ecipIiriGi^iad at this point that the program xjith all its advantages, 
does not replace the course textlook; instead, it suppleii;eats it in the 
same way as ^he noiiventional lecture. 

During; tha first year in which daily quizzes were -jivea, the 
class was raa-uo:.:!/ divided into two groups. One group toolc the quizzes, 
whereas the co..\trol group did not. Although the marks made by the 
students ia the experimental quiz L^oup V7ere not made a matter of class 
record, it x/ac found that in comparing the final marks of Loth 3roups 
at the end of tha /ear, those ii*:. the test group were appro2cimately 5 
piSints better than their colleagues in the control group* 

In another educational research phase involving use of the daily 
quiz, it was foand that if students were ercposed a second time to a 
question in the same general area, they vjould do approximately 20 points 
better as a class average* Thus, iiidividuals and class marks on the 
daily quizzes were used as a statistical check to determine wealc areas. 
If the miss rate for a question was high, the answer war e:jrplalaed in 
detail to the class. It should be mentioned that often a high miss rate 
could be traced to an inadequate explanation in the program, instead of 
to student weakness. In these cases, appropriate changes were made, 
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There xias a high correlation of the daily quiz marks with those 
attained by the same students in the major examinations. For instance, 
the marks of the students in the first daily quiz of the year, were 
correlated X'7ith their final examination marks at the 10% level. The 
total cumulative scores after the second and third daily quizzes for each 
student were correlated at the 5% level. After the fourth, fifth and sixth 
quizzes, the correlation coefficient had increased to 1%; whereas, from 
the seventh quiz onward, the correlation coefficient was better than 0.17o. 
This data indicates that it is possible to identify x^eak students at a 
very early period in time. Once the total program is developed, it will 
be possible to prescribe remedial programs to correct indicated V7eaknesses. 

With the continued emphasis on programmed methods, the class 
marks have become skewed, x^ith more A and B grades awarded than is the case 
for the total of C, D and F marks. It should be pointed out that this 
does not represent an easier-to-pass course, since there has not been one 
student who has taken the National Dental Boards who has flunked in 
Histology, indicating that the knov7ledge transmittal and Icnowledge 
retention is better than for many other not-so-for fcunate students . from other 
dental schools in the United States. 

The previous information is a result of many of the early 
trial-and-error approaches to finding a program format that would best 
facilitate the achievement of course objectives. In this initial period 
of testing, only relatively small groups of students, numbering from '* 
40 * 80 were involved. The majority of :this testing was concentrated 
in the School of Dentistry of the University of Puerto Rico, and in the 
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Federal University of Pernambuco ia Brazil. Hov/ever, in the year. 
1970-71j a aeries of events in Brazil forced a criticll test of the 
potential of programming. At that time, as a result of a change in 
Brazilian laxv, the University of Pernambuco was confronted V7ith the 
necessity to teach 800 students instead of the 100 originally expected^ 
Only very limitc^d additional funds V7ere made available to meet this 
eightfold incroasG in enrollment. To meet this crisis, the previously 
prepared histolo:jy programs that had been cooperatively tested on a 
very limited basis, vjere finalized in time for the incoming class. 

It was reali2£Gd that the use of programmed learning for an entire 
course would coristitute a totally new experience for the faculty and 
the students* Therefore, it was decided that an educational research 
effort should be accomplished in order to compare the accomplishments 
of students taught by machine presented information, in contrast to 
students receiving the same general information from a teacher. 
Accordingly, la the first semester of 1970, 36 students were divided 
into two groups on a random basis, with eighteen to serve as a control 
group for conventional teaching, and the other as the experimental group 
for receiving programmed learning. 

These students were from the Biochemistry Course, All had passed 
the university ei.try tests. In addition, these students had taken a 
battery of psychologic tests to determine their general verbal, visual 
and abstract perception levels. From previous experience, it had been 
found that students x^itjh a mark over 75 in this battery of tests, usually 
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ended up with hish marks in their course i/7ork; those who had below 
40, usually ended up with a mar£irial or failing performance; V7hereas, 
those falling betv/een these tV7o marlcs, generally were the medium 
performing students* 

Before starting the course, the control and experimental groups 
were given an explanation of the methods that were to be used* Students 
Vfho were to receive the conventional teaching, were requested to review 
the appropriate chapters in their textbooks during the week prior to 
their classroora lecture. On the other harid, the students in the 
experimental g^'oup were given the scripts for the audio portion of the 
program, and also requested to study it during the week in advance of 
the class. On the day of the class, the control group received a 
classical lecture. The experimental group received an audio vidual 
presentation given with a tape recorder and synchronized color slides. 

In planning the research program* tt was agreed that if 
progrararfling was to be accepted by the academic community, there must be 
a parallel relationship between the students performance in the psychologic 
tests, and those attained in the course v7ork% As it turned out, this 
hypothesis was not exactly correct. 

In evaluating the relationship of the final course marks against 
the psychologic scores, it was found that students having a high score 
in the battery of tests, also achieved high scores in either, conventional 
or programijied instruction. This was much as expected. However, in the 
marginal group with psychologic scores below 40, and in the medium group 
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between .40-75, uhere was an unexpected outcome* In both of these 
lower groups, the students performed as expected v;ith the conventional 
teaching; however, in both the mediu'a and the marginal groups., the 
course of, marks of those receivlnc prOgranmed instruction approxiraated 
those of the ne::t higher ^^roup that was taught by conventional teaching, 
— These findings v/ere at the S% or better level of significance, 

la the second semester of 1970, the experiment was repeated with 
72 students froa the course in Pharmacy* The same results V7ere apparent. 
Again, as in. Puerto Rico, the results at the University of Pernambuco 
demonstrated a Gl;2V7iag of the ;t;rade curve towards higher marks, indicating 
that the same pro^Tammed material could be translated in tV70 ' different 
languages with sirailar tesults^ In summary, those students with high 
marks In the psychologic tests caa be predicted to be high achievers, 
no matter whether course material is presented by conventional or by 
programmed instruction* However^ in those cases of those students who 
medium, or iviarginal performers, a higher mark can be expected from 
use of progranmed instruction, thaa by conventional teaching* Let us now 
briefly discuss the itripact of this information on planning for the greatly 
increased enrcllrAeats that we cau s::pect in the near future* 

Efficiency in education might be defined mathematically as the 
factor that represents an integration of all the variables that contribute 
to better educating more people at less cost in time and money. An 
equation fitting this definition would be: Efficiency of education equals 
the number of students times the quality of students coming out of the 
system, divided "uy the cost of education in tenms of faculties and supporting 
facilites tiaies the time necessary to accomplish the education* 

O * Ee * Number of students X Quality of students 
ERJC Cost X Time 
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In usin3 this formula, ic can be seen that in order to e:cpaad 
conventional teaching to include raore students, it is necessary to 
increase the cost of larger faculties and expanded facilities, Xi^hich 
cancels out any possibility for aa increase of efficiency ia education. 
On the other haiid, at the University of Pernambuco, the COO students were 
divided into tai^ classes of 80 each, and all given the sarae machine 
presented projraiji by the same faculty personnel e Thus in prosrariiraed 
learning, an i:.-craass in student eurollment does not require a proportionate 
increase in i-ieeo. of a highly traiued staff. 

In coiiVGational teaching, an increase in quality of subject 
presentation usually requires additional faculty personnel x^ith a higher 
level of educational preparation, as Well as a lov7er teacher to student 
ratio. Conve-jTsely, in programmed presentations, a minimally trained 
faculty member can present the programs prepared by the most qualified 
authorities. 

If the factors of the divisor of the formula can be considered, 
namely cost and time comltmQnt, the comparison is equally interesting. 
In conventional teaching, it is iii^possible to increase the number of 
students without a proportionate iticrease in cost. On the other hand, 
once a proj^rara is prepared, it costs very little raore to present it to 
800 students, tha i it does to lOG, Thus, in a programmed course, the 
per student cos:: :^oe8 down as the nuriiber of students increases. 
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Fitirliyj iu conventional teachin£, all students take the same , 
period of tiriie to 30 through a conrse. In general, outstanding students 
require four yr^ars to graduate, which is the same time as required for 
cnar£inal studeiits. If this tirae conmiittmeat could be reduced for the 
more capable, it would result in economies for the student, and for the 
teaching faculty. In programmed learning, it is possible for the rapid 
learner to .use the prograras for self instruction and then provide the 
opportunit}'- to finish earlier • 

In suTiraary, progranuaed learning can be used with any number of 
students, with better results tha:.:; can be attained with conventional 
teaching. The loot and time factors can be greatly reduced by programraing, 
V7hereas with cc:=.vGnLional methods, the cost and time factors increase 
proportionately with the nuaiber of students. Thus, the efficiency of 
education V7ith programming increases as the number of students increase; 
whereas, wi?:h conventional taachin;;, the efficiency of education decreases 
as the number of students increases* I x-jill repeat this last statement 
because of ita importance. The efficiency of education with proij^ramming 
increases with the greater number of students; in conventional teaching, 

i 

the efficiency decreases with the :j:reater number of students. This 
means that universities of the future should be able to expand to meet 
the great demands for student enrollment, just as the histologj'' course 
could be equally well taught to t,00 students at the University of 
Pernambuco, instead of to the 100 expected. 
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Up to this point, the advantages of proc^raxmnins and cooperative 
development have jeen discussed, HoT'7ever, nutch more needs to be 
accpiiiplished, aiza. possibly YOUR participation can be solicited. For 
instance, once a program is prepared, it should be upgraded and further 
edited to introduce nev? information, or to correct ^-jeaknesses indicated 
in interrocatioa procedures and student feedbacko This need to continually 
raodify pro£rariic cannot be accomplished by a sraall group because of the 
iroiaensity of the tasko Instead, if comriiittees could be formed in each 
subject area, V7ith members servia;^ on a rotating basis, nev knowledge 
could be continually introduced « In this Hemisphere, such a committee 
should include representatives frorr. the Spanish, Portugue>se and English 
speaking nations o In this i7ay, the greatest regional representation is 
possible, thus ro-alcing the resources of the Hemisphere available to all. 

Efforts are now underway to secure the support of an international 
organization to support an adminiG trative base for such a cooperative 
effort • Only in this way can the eventual fuads, political support and 
prestige be available to secure the success of such an international 
educational effort. Such support would include the possibility of 
carrying pro:::ranis over satellite TV transmissions; or woujld include the 
possibility of using satellite based telephone conferences to escpedite 
committee actions; and, it x^^ould include the possibility of linking the 
universities of all nations with remote educational computers o 
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In couclusion, the use of prograr:mied learning methods in General 
Histology have proved effective in both small and large scale experimental 
programs. Ilov;ever, to make the value of any program perraanent, a greater 
and continued input of nex*7 ideas and materials i ,to the program is essential. 
If there are any in this audience who would be interested in the cooperative 
development of a Hemispheric program, please let me knew after this 
mee^:ing<, I x7ould like to have your naiiie, address, university, academic 
rank and subject area of choice. Or, if desired, you can write to me at 
the. School of Dentistry of the University of Puerto Ricoo We who are 
now here have the capability to help establish a model for international 
cooperation that will both foster an exchange of information between 
health educators, as well as have a very major favorable influence upon 
international friendship^ With your help, these two great objectives 
can be accomplished^ 



